Background
Perioperative optic neuropathy (PON) is a disease which can lead to serious, irreversible damage of vision. This complication could be the result of non-ocular surgery, for example cardiac [1, 2] or spinal procedures [3, 4] . The frequency of PON occurrence among all of surgical procedures ranges from 0.002% to 0.1% [5] [6] [7] , and after coronary artery bypass graft (CABG) ranges from 0.06% to 0.113% [2, 8] .
Coronary Artery Bypass Graft (CABG) is a cardio-surgical procedure of by-pass implantation, passing around the place of restriction in coronary arteries. This procedure is performed in some cases of cardiac infraction and advanced coronary disease. Arteries and veins from the patient's body are grafted to the coronary arteries to bypass atherosclerotic narrowing and improve the blood supply to the ischemic part of the heart muscle. CABG can be performed with extracorporeal circulation (ECC) with cardiopulmonary bypass (CBP) -conventional coronary artery bypass graft (CCABG) or without extracorporeal circulation -operation on beating heart or off-pump coronary artery bypass (OPCAB). The first operation on a beating heart was performed in 1964 by Kolesov [9] .
Visual loss due to CABG is a rare complication. The mechanisms of this disorder are not completely understood. It may be the result of optic nerve ischemic neuropathy, although other cortical mechanisms for visual loss are considered [7, 10] .
We present a case of anterior ischemic optic neuropathy (AION) occurring as a consequence of a conventional coronary artery bypass graft procedure (CCABG).
case report
A 57-year-old man was admitted to the Eye Clinic in April 2010 due to significant loss of vision in his right eye. Because of multi-vessel stabile coronary artery disease and history of anterolateral wall myocardial infarction (2008), he had CCABG in extracorporeal circulation performed 4 days before. Two saphenous vein grafts and 1 arterial vein grafts were implanted, with good intraoperative graft flow and preserved left ventricular function, without any perioperative complications. After regaining consciousness following surgery, the patient complained of significant visual loss in his right eye. The consulting ophthalmologist diagnosed AION. Nothing unusual happened during the procedure, and the cardiac surgeon couldn't indicate any cause of the eye disorder. The patient had been treated for hypertension over the past 10 years and was a heavy smoker.
On admission, the slit lamp examination revealed relative afferent pupillary defect (RAPD) in the right eye. The fundus examination showed swelling of the optic nerve head, with pale and blurred margins. Flame-shaped hemorrhages on the disc margin were visible (Figure 1) . BCVA was 0.02, intraocular pressure was 17 mmHg.
We performed fluorescein angiography (Figures 2-5 ). These results confirmed the diagnosis of AION.
After consultation with the cardiac surgeon, anti-aggregation and antithrombotic treatments were continued with steroids and vasodilators.
After 7 days of these treatments we obtained improvement of BCVA to 0.2. In 6 months of follow-up the vision was stable, and fundus examination revealed optic disc atrophy which appeared as optic disc pallor.
discussion
Anterior ischemic optic neuropathy is the result of oxygen delivery disturbance to the optic nerve head, anterior to the lamina cribrosa. These disturbances are the result of unsatisfactory blood flow in short posterior ciliary arteries (PCA) in this area [8] . Many systemic factors, included surgical procedures, may cause blood flow reduction in the PCA. Systemic, non-correlated-to-surgery risk factors of AION are: high serum cholesterol, triglycerides, hyperlipidemia, hyperfibrinogenemia, prolonged smoking history, hypertension and diabetes mellitus [11] .
In spite of the fact that the patient had many risk factors contributing to AION (including hypertension, coronary disease and smoking history), time correlation with the cardiac surgical procedure and appearance of symptoms suggests that this procedure itself increased the risk for AION. Spectacular developments in cardiac surgery have openedup new treatment possibilities for patients with coronary disease. At present, many coronary artery bypass grafts are performed. Due to the continuously rising number of procedures, the frequency of complications concomitantly increases -including eye complications.
After cardiac surgery, patients may complain about transient loss of vision, poor reading ability and altered perception of colors. Some of these symptoms are transient, but in other cases visual loss may occur [12] .
Ischemic optic neuropathy is one of the serious ocular complications after cardiac surgery [13] , and is the result of optic disc ischemia. The risk factors of ION due to CABG are: postoperative decrease of hemoglobin level, history of clinically severe vascular diseases, coronary angiogram within 48 hours of surgery, long duration of the CABG procedure [8] , hypotension, arrhythmia and tissue edema [2] .
Coronary artery bypass grafting opened-up new possibilities for widespread coronary disease treatment. At present, conventional coronary artery bypass grafts (CCABG) are performed in extracorporeal circulation with cardiopulmonary bypass. In spite of complications due to extracorporeal circulation, new methods without using cardiopulmonary bypasses are being introduced.
Beginning in the mid-1990's, off-pump coronary artery bypasses (OPCAB) without extracorporeal circulation were elaborated, referred to as "beating heart" [9] .This method has a lower risk of complications in comparison to techniques with heart-stopped procedures, which require the use of cardiopulmonary bypass [14] [15] [16] . As OPCAB cannot be performed in all cases, it cannot replace CCABG. The decision on the type of procedure is made individually by cardiac surgeons. In the patient in question, the cardiac surgeons decided to perform CCABG in extracorporeal circulation.
During operations with extracorporeal circulation, such as the present case, the aorta is cannulated and cross-clamped, and, to protect heart tissues, hypothermia is employed. Additional cardioplegic fluid is injected into coronary vessels. This causes general heart ischemia, with metabolic and water-electrolyte balance disturbance [17] . Blood contact with cardiopulmonary bypass elements during extracorporeal circulation is the cause of general inflammation, leading to activation of the complement system, monocytes, neutrophils and many proinflammatory cytokines. This process causes cellular edema, including heart muscle cells and blood vessels, which is detrimental for heart contractility and vascular tension [17, 18] .
These changes may lead to many postoperative complications such as early morbidity [19, 20] central nervous system Case Study Med Sci Monit, 2011; 17(6): CS70-74 [17, 19, 21, 22] , kidneys [17, 23] , coagulation and respiratory damages [14, 24] .
In published papers, author's noted decreased morbidity after operations on a beating heart in comparison to extracorporeal circulation operations [19, 20] .
The greater number of complications after CCABG is an effect of forming of micro embolies due to creation of cardiopulmonary bypasses, manipulation in the region of the ascending aorta [17, 19, 21, 22] . General inflammation and mechanical blood cells damage due to extracorporeal circulation, higher doses of heparin and hemodilution are contributing to significantly greater disturbances of postoperative coagulation damage in patients operated in extracorporeal circulation. Because of bleeding, patients after CCABG need more reoperations and blood transfusions [14, 24] .
Patients after extracorporeal circulation procedure have lower concentration of hemoglobin in comparison to patients operated on a beating heart. This is caused by hemodilution due to pump and greater blood loss [2, 8] , and contributes to reduction of oxygen supply to retina and brain tissues, leading to ischemia. Other factors, such as hypotension, arrhythmia or tissue edema connected to CBP, may lead to optic disc ischemia and anterior ischemic optic neuropathy. Hypothermia, which is used in those patients, also contributes to blood flow restrictions and may be the factor leading to optic disc ischemia. Some studies have revealed that hypothermia leads to a 6-7% reduction of brain blood flow per every degree the temperature decrease [25] .
Another vascular complication after CABG is embolization of small vessels. Both embolization changes and circulatory disturbances may lead to intraoperative ischemia of multiples tissues, including brain and eye tissues. Emmich et al. [26] revealed the presence of infracts due to emboli, macro-and micro-hemorrhages, subarachnoidal hemorrhages and disorders caused by brain tissue ischemia in 49% of patients who died after cardiac surgical procedures.
The embolization in retinal circulation due to cardiac surgical operations was presented for the first time in the 1970's by Williams [27] . Ascione et al. [28] noticed abnormalities in retinal angiography in patients with previous CCABG. At the examination they revealed vessel-wall injuries leading to abnormalities of fluorescein angiography. Color images of eye fundus demonstrated the presence of multiple, shiny emboli. These changes were observed in patients with previous extracorporeal circulation in contrast to patients operated on a beating heart. The authors concluded that OPCAB operations decreased the risk of retina micro vessels damage as opposed to CCABG.
Among other vascular complications, despite emboli, thrombosis of eye vessels due to cardiac surgical operations are presented in many publications. Fosnot et al. [29] described a case of central retinal vein occlusion (CRVO) after a coronary artery bypass graft.
Occurrence of perioperative optic neuropathy due to cardiac operations is a rare complication. Nevertheless, because of the still rising number of cardiac surgical procedures, cardiac surgeons and ophthalmologists should consider the possibilities of serious complications leading to significant vision damage. Patients with severe vascular disorders seem to be at greater risk of these complications.
conclusions
Based on the presented case and published data, we conclude that cardiac surgical operations, such as coronary artery bypass graft procedures (hypotony, hypovolemy and hypothermy) may lead to anterior ischemic optic neuropathy. In those cases, close cooperation among the various specialists is necessary.
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